To investigate retrospectively the difference in myopia progression, over about 7 years, between two groups of Hong Kong Chinese myopic children who wore overnight orthokeratology lenses or single-vision spectacles. Methods: A total of 238 records of children wearing overnight orthokeratology lenses or single-vision spectacles from Eye'ni optical shop (Hong Kong) between January 1999 and December 2009 were reviewed. Refractive and central corneal curvature data with 6-year or a longer follow-up period of 70 patients were retrieved: 34 children (15 boys and 19 girls, aged 9.2 ± 1.8 years) wore orthokeratology lenses and 36 (20 boys and 16 girls, aged 10.2 ± 2.0 years) wore spectacles. Myopic progression was determined as the change of myopia from the baseline to the final visit. Results: No statistically significant differences (P . 0.05) in age, central flat corneal curvatures, baseline refractive error, or follow-up period were observed between the two groups. Average myopic progression of the overnight orthokeratology contact lens cohort (−0.37 ± 0.49 D) was significantly less (P , 0.001) than of the single-vision spectacle group (−2.06 ± 0.81 D) over about 7 years. Conclusion: Our preliminary 7-year data support the claim that overnight orthokeratology contact lenses may be a feasible clinical method for myopic progression control. Prospective and randomized investigations are warranted to overcome the limitations of this retrospective study. Keywords: myopia, contact lens, orthokeratology, myopia progression
Introduction
Orthokeratology contact lenses began to be fitted in the late 1960s. At this time, the technique suffered because only a small amount of myopia was corrected, the time for the correction to occur was long, and the technique was unpredictable. Changes in technology and design have made orthokeratology a predictable means of correcting low to moderate myopia safely, such that the technique is now used as an overnight modality in children. New materials with higher oxygen permeability and reverse geometry contact lens design allow myopic children to wear the contact lenses during sleep to temporarily flatten the central cornea (overnight orthokeratology). An orthokeratology lens flattens the central cornea while it steepens the mid-peripheral cornea. This rearrangement of the shape of the cornea induces peripheral myopic defocus. Several investigations [1] [2] [3] propose that peripheral myopic defocus may play a vital role in myopic progression; thus overnight orthokeratology is hypothesized to control myopic progression. [4] [5] [6] [7] [8] Two longitudinal clinical trials 4, 5 have proposed that overnight orthokeratology may slow myopia progression in children. The aim of this pilot report was to investigate the difference in myopia progression, over 7 years, between two groups of myopic children who wore either orthokeratology lenses or single-vision spectacles. A retrospective review may provide preliminary data to justify conducting a prospective and randomized long-term study on the effect of orthokeratology on myopia progression, since no report of the effect of orthokeratology contact lens on myopia progression over this length of time exists in the peer-reviewed literature.
Methods
A total of 238 records of children undergoing overnight orthokeratology lenses or single-vision spectacles from Eye'ni optical shop (Hong Kong) between January 1999 and December 2009 were reviewed. Myopic subjects with less than −1.00 cylindrical power, who were aged between 7 and 13 years and wore single-vision spectacles constantly or orthokeratology lenses and had 6-year or longer follow-up records were chosen. The 6-year period was arbitrary but was the longest follow-up period for which we could retrieve the appropriate number of cases for a meaningful statistical and clinical analysis. A total of 70 patients who fulfilled the inclusion criteria were retrieved: 34 children (15 boys and 19 girls, aged 9.2 ± 1.8 years) who wore orthokeratology lenses and 36 (20 boys and 16 girls, aged 10.2 ± 2.0 years) who wore spectacles. The spectacle lens wearing group had their prescription fully corrected. Reverse geometry lenses (Dreimlens, E and E optics, Hong Kong) in spherical, fourcurve design, with back optical zone diameter of 6 mm made of Boston XO (DK 100 ISO/Fatt units) material, were applied. The standard fitting guidelines were clear and were applied by all the optometrists. Although the manufacturer generally needs patient information including refraction, keratometry readings, and e-value for lens ordering, all contact lenses were ordered based on the in-office trial lens fitting. The spherical component of the manifest refraction and the flat keratometry readings were used to determine the initial trial lenses, which were placed on the eye and evaluated for a proper fit. Where appropriate, lens parameters were modified to achieve the optimal fitting. All children reported compliance with the wearing of the contact lenses for at least 7 hours every night. They had at least two aftercare visits per year and replaced the new lenses within 1.5 years. Boston cleaner, Boston conditioning solution (Bausch and Lomb), and Unizyme enzymatic cleaners (CIBA Vision) were used for contact lens care. Clinical data, including manifest refractive error and central corneal curvature (the average value of three readings, NIDEK auto-keratometer, RKT-7700) were retrieved for comparison analysis. Our primary outcome is the myopic progression change from the baseline refraction (average of the initial two visits) and the final refraction (average of the last two visits). Determination of the final refractive error of the orthokeratology lens wearing subjects was conducted by the washout period method. 9 Subjects were refracted after not wearing the lenses for a period of time until the flat corneal curvature reverted to its pre-orthokeratology value. Only the sphere component was considered in all cases.
Differences in clinical readings between overnight orthokeratology contact lens and single-vision spectacle groups were assessed with the unpaired student t-test. A P-value ,0.05 was considered statistically significant.
Results
No statistically significant differences (P . 0.05) in age, central flat corneal curvatures, baseline refractive error, or follow-up period were observed between the two groups ( Table 1) . For orthokeratology groups, the average washout period was 25.5 ± 1.0 (range 22-29) days, and no statistically significant difference in central flat corneal curvature values were observed between pre-orthokeratology and after the washout period (paired t-test, P = 0.10). Final refractive error of the overnight orthokeratology contact lens cohort was significantly less (P , 0.001) than the single-vision spectacle group (Table 1) . The average myopic progression of the overnight orthokeratology contact lens cohort (−0.37 ± 0.49 D) was statistically significantly less (P , 0.001) than of the single-vision spectacle group (−2.06 ± 0.81 D). Table 2 shows the pattern of myopic changes over the follow-up period in the two groups.
Discussion
About −2.00 D myopic progression was found in the single-vision spectacle group over about 7 years. The pattern of myopic changes appeared constant during our timeframe. Since there was a limited number of subjects, further investigation is highly recommended. Results from our retrospective pilot review agree with previous investigations 4, 5 -that overnight orthokeratology contact lenses may clinically and statistically slow myopia progression in children. We found more reduction in myopia progression, approximately 80%, than has been reported in previous studies (45%-55%). 4, 5 The reason for the difference is unclear and might be explained by the longer treatment period. Overnight orthokeratology contact lens would induce more spherical aberration with higher the myopia correction, theoretically this may enhance the myopia control effect. 7, 8 In contrast, increasing myopic spectacle lens power induces more peripheral hyperopic defocus, which is thought to further increase myopia. 10 Further study is warranted to validate this hypothesis.
There are several limitations of the current pilot review. We well understood that a direct measure of refractive error in orthokeratology lens wearers was unlikely the most appropriate measure of myopia progression. 9 Since our clinical records were not designed specifically for myopia research, only refractive progression could be used as a measure of myopia progression. In addition, refractions were not made under cycloplegia, and were conducted by different optometrists. Overnight orthokeratology contact lenses were fitted by a variety of optometrists. Ocular components, notably axial vitreous length, were not measured. Since we analyzed the data only of subjects having a history of follow-up of at least 6 years, these subjects adapt well to the overnight orthokeratology contact lenses. If lens adaptation is directly related to myopic control performance, the findings would likely to be biased to the positive effects. However, the reason for the loss to follow-up at our center was unlikely to be due to the unsatisfactory control of myopia progression since their myopic changes were all within −0.50 D at the last visit compared with the baseline refraction.
Although several limitations in this retrospective pilot review have been identified, it offers several significant features: well matched subjects (gender, age, and baseline refractive error) were followed up over a longer period than has ever been reported before (about 7 years). The maximum follow-up prior to this has been 2 years. 4, 5 Our preliminary data support the claim that overnight orthokeratology contact lenses may be a feasible clinical method for myopic progression control. Prospective and randomized investigations are warranted to overcome the limitations of this retrospective study. 11 In addition, although no serious complications such as microbial keratitis or corneal abrasion were reported, the safety of overnight orthokeratology should be further addressed. A formal prospective report on the incidence of adverse events association with overnight orthokeratology contact lenses specifically used to treat myopia is necessary. 
